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Agenda (Part 1)

* Design overview

* NuScale Power module
 Helical coil steam generator
» Core and fuel design

« Systems

Refueling

Operations

Electric power systems
Instrumentation and actuation signals
Power module piping and valves
Reactor building crane
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Agenda (Part 2)

* Probabilistic risk assessment

» Spent fuel pool and storage rack design
 Ultimate heat sink reactor building pool
« Comparison to a large passive PWR

* Accident response

« DCA test program

« Security by design

 Fire protection

« Radiological protection

* The NuScale DCA
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NuScale Power - A 21st Century Company

2000 Basic design concept developed

2003 Integral test facility first operational

2007 NuScale Power formed

2008 Began NRC DCA preapplication project

2011 Fluor became major investor and strategic partner

2012 Twelve-reactor control room simulator commissioned,;
ARES and Rock Creek Technologies joined as
partners

2013 Western Initiative for Nuclear formalized
2013 Rolls Royce joined as partner

2013 NuScale selected to receive major grant from U.S.
DOE

2014 Enercon joined as partner

2015 Ultra Electronics joined as a partner; AREVA becomes
fuel designer and supplier

2016 As of May 2016:

{

}}Z(d) NuScale Control Room Simulator
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Design Overview
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Operating PWR NSSS- Outside the RPV

Containment

Pressurizer
Steam Reactor Steam

Generator Pressure Generator
Vessel

//:

Q@ ( )

Reactor Coolant Reactor Coolant
Pump Pump
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NuScale PWR NSSS - It’s All Inside

containment

pressurizer —coolant level

steam generators

reactor pressure

vessel control rods

reactor core

8
PM-0616-49510-NP é‘“‘?"}} NUSCALE
Revision: 0 Copyright 2016 by NuScale Power, LLC. W POWERS



NuScale Scalable Modular Design

NuScale Power Module

Factory includes Containment and Shipped by Truck, Skid-Mounted Steam
Manufacturing Reactor Vessel Rail, or Barge Turbine/Generator

& 12 Module
Reactor Building .
Contain-
ment
Reactor
Vessel

Steam
Generator

Control Room provides
enhanced security and
state-of-the-art controls

Fuel

Each Module is refueled underwater
while the remainder of the plant
produces power

* Refueled once every 24 months
* Capable of 48-month fuel cycle
* 10 Day Refueling Target

Each Module Installed in its own Isolated Bay

» Natural Circulation (No Reactor Coolant Pumps)

« 37 Standard 17x17 PWR Fuel (Half-Height) Fuel
Assemblies

+  Standard Magnetic Jack Control Rod Drives

« Internal Helical Coil Steam Generators and
Pressurizer

+ 50 MWe Gross Power
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NuScale Design Safety Case

* Fewer, simpler, and passive safety systems
* No core damage for all design basis accidents (DBAs)

* No operator action required for any DBAs
* No AC or DC power required for any DBAs

« Safe shutdown earthquake (SSE) of 0.5 g that is
significantly larger than a recently approved passive

design
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Size Comparison

Typical pressurized-water reactor (PWR) NuScale Power Module
containment and reactor system Combined containment vessel and
integral reactor system — about the
size of a PWR steam generator

e fi "
*Source: NRC
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Plant Overview

¢ Net electrical output Up to 570 MWe (nominal) (600 Mwe gross -30 Mwe house load)

e Plant thermal efficiency >31%

e Number of power generation units Up to 12

e Nominal plant capacity factor > 95%

e Total plant protected area ~35 acres

e Total owner controlled area ~70 acres

e Number of reactors One

e Gross electrical output 50 MWe

e Steam generator number Two independent tube bundles (50% capacity each)

e Steam generator type Vertical helical coil tube (secondary coolant boils inside tube)

e Steam cycle Superheated, 500 psia steam

e Turbine throttle conditions 3.3 MPa (475 psia)

e Steam flow 67.5 kg/s (536,200 Ib/hr)

o Feedwater temperature 149° C (300 °F)

e Thermal power rating 160 MWith (gross)

e Operating pressure 12.7 MPa (1850 psia)

UO, (< 4.95% U235 enrichment); 37 half height 17x17 geometry
e Fuel design lattice fuel assemblies; AREVA M5 cladding; negative reactivity
coefficients

¢ Refueling interval 24 months (capable of 48 months)
12 i’
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Site Layout

cooling towers A

4 X wrbine building A
annex buikling \ “7"._reactor building

control building

e

- _.—’” . i
warehouse ; e _sAw:Ic.h)ard

N

_protected
* areafence

parking

administration

cooling towers B
building 9

34.5 acres (~14 heciares)
within the protected area fence
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Reactor Building Cross Section

Reactor building houses NuScale power modules, fuel pool, and reactor pool

Reactor Building Crane

Biological Shield i

Refueling Machine

Fuel Pool
Reactor Pool  NyScale Power Module

Reactor Vessel Flange Tool Containment Vessel Flange Tool
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Reactor Building Overhead View

Module Import Trolley
Refueling Machine Reactor Building Crane

FrEnaeract

]mlml w]wﬂw

_.‘“lh'

Reactor Vessel Flange Tool Containment Vessel Flange To
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Reactor Building

« Seismic Category | and aircraft impact resistant building

« Contiguous reactor module pool, refueling pool, and spent fuel
pool (separated from other pools by a weir wall)

* Major systems:

NuScale Power modules

chemical and volume control system

boron addition system

non-safety electrical systems

safety I&C systems

nonsafety |&C systems

remote shutdown station

module import, assembly, and handling equipment

Note: safety related SSCs are highlighted in bold
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Reactor Building Dimensions

A

}}2(3),(0)

« Reactor building contiguous power module, refueling, and
new/spent fuel stainless steel lined pool

{

}}2(3),(0)
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Control Building

« Seismic Category | Building

i

main control room (MCR) underground
central alarm station (CAS)
technical support center (TSC) above ground

tunnel to reactor building underground connected by airlock
adjacent to MCR

control room habitability system (72-hour habitability supply of
pressurized emergency air bottles) at floor below the MCR

}}2(8),(0)
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Radioactive Waste Building
« Seismic Category |l Building

* Major equipment

- radioactive waste management systems — liquid, gaseous, and
solid radioactive waste

- module import trolley
- reactor building and radioactive waste building ventilation

{{

}}2(3),(0)
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Turbine Building

* Seismic Design Per ASCE 7
» Each building contains 6 turbine generator sets

* Major equipment for each power module

turbine

generator

condensers (100% steam bypass capability)

feedwater pumps

condensate pumps

feedwater heaters

20
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The NuScale
Power Module
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NuScale Power Module

All safety equipment needed to protect the core is shown on this picture

A NuScale Power module (NPM) includes the
nuclear reactor, steam generators, pressurizer
and containment in an integral package that
eliminates reactor coolant pumps and large
bore pipes (no large break LOCA).

The NPM is passively safe relying upon
natural physics of convection, conduction, and
gravity to cool the reactor during normal
operation, shutdown, and emergency core
cooling (no reactor coolant pumps).

Each NPM is installed below-grade in a
seismically robust building within a steel-lined
reactor pool.

Each NPM is 50 MWe gross and factory built.

NPMs can be incrementally added to match
load growth (up to 12 NPMs for 570 MWe
total net output).

160 MWt Reactor Power Module

Steel containment is
10 times stronger
than typical PWR

Water volume to
thermal power ratio is
four times larger
than typical PWR

Reactor core has only
five percent of the core
thermal power of a
large LWR
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Power Module Overview

Natural convection for cooling

steam line

« Passively safe, driven by gravity,
natural circulation of water over the
fuel

feedwater line

containment vessel

reactor vessel

« No reactor coolant pumps, no need
for emergency generators

pressurizer

support lug

steam generator

Simple and small

feedwater header

« Reactoris 1/20t the core thermal
power of large reactors

* Integrated reactor design, no large-
break loss-of-coolant accidents

reactor core

module support skirt
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Natural Circulation Operation

* Integrated reactor vessel

- steam generator, pressurizer,
fuel inside a single vessel

 Natural circulation flow

main steam line

- No reactor coolant pumps

pressurizer

- No external power

helical coil steam generator

 Helical coil steam

main feedwater line

generator hot leg riser
- Designed to maximize thermal
efficiency under low flow downcomer
COnd itionS reactor core
24 i
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NuScale’s Normal Operation

Flows to the downcomer i:

Flows up the riser

Heated in the core
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NuScale’s Normal Operation

Steam flows out
through main steam
Isolation valves
(MSIVs)

Feedwater becomes
steam inside steam
generator tubes
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NuScale’s Normal Operation

Feedwater is supplied to steam
generator tubes through
Feedwater!solation vapves
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NuScale’s Normal Operation

Feedwater is again heated
through steam generator tubes
by reactor coolant

Repeats the cycle
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NuScale Power Module

ClVs

CNV
RXM piping
RW

RPV

integrated PZR
baffle plate and
steam plenum

SG annular
space

CIV = containment isolation valve
CNV = containment vessel

PZR = pressurizer

RPV = reactor pressure vessel
RRV = reactor recirculation valve
RVI = reactor vessel internals
RVV = reactor vent valve

RXM = reactor module

SG = steam generator

Parameter Numerical Value

CNV height; OD max./min. 75.8 ft and 15/11.2 ft
RPV height and OD 58 ft. and 10 ft.
Module weight (metal) 762 tons

RPV weight (metal) 343 tons (w/o fuel)

RVI lower riser
assembly

RVI core support
assembly
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Power Module Arrangement

{{

Lifting Lugs

Pipe Flanges

; Top Ausiliary
" Mechanical Access
Structire (TAMAS|

CNV Top Head

Assembly

Uppor CNV Assermbly

Acoess Port

Support Lug

CNV Flange

Lowar CNV Assembly

Frcors Detactor
Holdor Assembly

Support Skirt

}}Z(a).(C)
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Power Module (RXM) Assembly

[—-—O |——O
lmo Leo

RPV RPV RXM
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PM-0616-49510-NP £ % NUSCALE
Revision: 0 Copyright 2016 by NuScale Power, LLC. “ POWER"



Three Power Module Components

}}Z(a),(c),ECI
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Module ContainmentDesign

Evacuated containment—enhanced safety

e Containment volume sized so that core does not
uncover following a LOCA

 Large reactor pool keeps containment shell cool and
promotes efficient post-LOCA steam condensation

 Insulating vacuum

significantly reduces conduction and convection heat
transfer during normal operation

eliminates requirement for insulation on the reactor
vessel, thereby minimizing sump screen blockage
concerns (GSI-191)

improves LOCA steam condensation rates by eliminating
air

Mitigates combustible hydrogen mixture in the unlikely
event of a severe accident (i.e., little or no oxygen)

reduces corrosion and humidity problems inside
containment

containment

reactor
vessel
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Comparing PWR Containment Designs

Parameter NuScale AP1000 US-APWR

Containment Structure | cylindrical/steel | cylindrical/steel PCC\;:;/:/steel

Containment Height (ft) 75.8 215 226.5

Containment Diameter (ft) - 15.0 130 149

Length-to-Diameter Ratio 5.06 165 1.52

Material i SA-738, Gr. B SA-516, Gr. 60
1) (\c) carbon steel carbon steel

Yield Strength (ksi) {{ }}2@(e) 60 32

Shell Thickness (in) {{ }}2(@(c) . 1.75 0.25

{ pee yes . no no

Net Free Volume (ft3) { }2@xe) | 2,060,000 2,800,000

Internal Design Pressure (psig) K 3@ 59 68

Design Temperature (°F) ' {{ . }ase 300 300

PCCV = pre-stresséd, post-tensioned concrete containment vessel
Note: Data for AP1000 and US-APWR obtained from DCD documentation.
1 Clad on both sides by {{ 1}2(a).()
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Module Seismic Support Configuration

 Vertically supported by CNV skirt

 CNV skirt horizontal restraints
{{

}}2(8),(0)
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Reactor Pressure Vessel (RPV) Supports

-

}}Z(a),(c),ECI‘
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Module Three Dimensional (3D) model

3D ANSYS model of
the RXM includes pool
water effects

i

}y@M@
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Module 3D Model

The RXM model includes sub-models of RXB pool, CNV, RPV,
lower RVI, upper RVI, CRDMs, supports, and fuel assemblies

{

3
}}2(3),(0),EC|
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Helical Coil
Steam Generator
(HCSG)
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HCSG Design

« Two HCSGs in the power module (each rated at 50% capacity)

« Physically integral within the upper power module component

« HCSG heat transfer surface area fits into a smaller height and
volume than once through or U-tube steam generator design

* Properties of each HCSG

~
}}Z(a),(c),ECI
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HCSG Single Tube and All Tubes
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Core and Fuel Design
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Reactor Core

« 17x17 lattice

« Approximately half-height
« 37 fuel assemblies

« UO, fuel pellets

* Clad material - AREVA M5® advanced
cladding

* Negative reactivity coefficients

« 24 month cycle length at 95% capacity factor
(695 effective full power day)

« U-235 enrichment <4.95 %

« 16 control rod assemblies
— 4 in regulating bank (Group 1)
— 12 in shutdown bank (Group 2)

Group 1 Rods

Group 2 Rods
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Core Configuration
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Core Design: Basic Plant Parameters

Thermal power rating
Nominal operating pressure

160 MW+, (gross)
12.7 MPa (1850 psia)

45

Nominal core inlet, average, and {{ }}Z(a),(c)
exit temperature
* Number of assemblies 37
« Core weight {{ }}2(3),(0)
» Assembly pitch 21.504 cm
+ Refueling interval 24 months {{ }}2(3)»(0)
+ Lattice geometry 17x17
« Enrichment UO, (< 4.95% U235 enrichment)
* Fuel Rods per Assembly 264
* Guide/Instr. Tubes per Assembly 24/1
» Control Rod Material Hybrid AIC and B4C
» Active core height 20m
- Burnable poison { }}2(3)’(0)
+ Clad material M5®
* Fuel Pellet OD 0.8115cm
« Clad ID 0.828 cm
+ Clad OD 0.950 cm
PM-0616-49510-NP % NUSCALE
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Power Dependent Core Flow

Percent core power Jee)
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Fuel Design — Proven Product

___ Component | ___ Selection | ___ Experience ___

Lower end fitting Coarse Mesh Debris Filter Standard grillage and filter plate;
plant interface same as CE 16x16
Upper end fitting QD attachment AREVA standard product for 17x17

product line with hold down springs

Lower end grid Inconel HMP Identical to current AREVA
production 17x17 product

Spacer grids Zirc-4 HTP Identical to current AREVA
production 17x17 product
Fuel rod M5™ Cladding AREVA standard product; cladding
96% TD pellet and pellet dimensions identical to
current 17x17 product
Guide tube MONOBLOC Zirc-4 AREVA standard 17x17 product
Structure Welded with bolted lower end AREVA standard fabrication

fitting and QD upper end fitting processes
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NuScale Fuel Assembly Design

* NuScale design based on AREVA’s
proven US 17x17 PWR technology
» NuScale design features i
— Zircaloy-4 HTP ™ upper and intermediate mm,,ll.“,
spacer grids T ————
— Inconel 718 HMP™ |ower spacer grid l
— coarse-mesh filter plate on bottom nozzle JUUUU]UH
_ Zircaloy-4 MONOBLOC ™ guide tubes },H%_L:_,“_%kmmm
S L
— quick-disconnect top nozzle i“”“ 1 [
— Alloy M5@ fuel rod cladding iR

L — _—BOTTOM NOZZLE ASSEMBLY

>>Proven features with significant US operating experience [] ~
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HTP Grid

Line contact
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NuScale Control Rod Assembly Design

» Control rod assembly design based on
AREVA's proven US 17x17 PWR
technology

— hybrid design — B,C (boron carbide) and AIC
(silver-indium cadmium) absorbers

— 24 control rods with stainless steel cladding
in each control rod assembly

— one-piece cast stainless steel spider

— flex joint formed by the combination of the
pin, nut, upper end plug, and spider boss -

I
[
L

>>Proven features with significant US operating experience
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Systems
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Typical LWR Safety Systems

Systems and components needed to protect the core:

» Reactor pressure vessel  Auxiliary feedwater system

« Containment vessel « Emergency service water system
« Reactor coolant system « Hydrogen recombiner or ignition
« Decay heat removal system system

- Emergency core cooling system ¢ Containment spray system

» Reactor protection system  Reactor coolant pumps

« Containment isolation system - Safety related electrical

« Ultimate heat sink distribution systems

» Residual heat removal system * Alternative off-site power

. Safety injection system « Emergency diesel generators

- Refueling water storage tank - Safety related 1E battery system
- Condensate storage tank  Anticipated transient without

scram (ATWS) system

53
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NuScale Safety Systems

Systems and components needed to protect the core:

» Reactor pressure vessel

« Containment vessel

» Reactor coolant system

« Decay heat removal system

« Emergency core cooling system
« Reactor protection system

« Containment isolation system

» Ultimate heat sink

54
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Design Simplification

* New systems * Eliminated components
— containment evacuation — reactor coolant pumps
— containment flooding and drain — ECCS pumps, tanks, and RPV

injection lines
— containment sumps and tanks
— refueling water storage tank
— reactor coolant hot leg and cold leg
pIpINg
— pressurizer surge line and relief tank
— reactor vessel and primary coolant

* Eliminated systems
— containment spray
— containment fan cooler
— auxiliary feedwater
— ECCS injection and recirculation
— steam generator blowdown

— electrical generator hydrogen system insulation
supply — safety-related emergency diesel
— safety-related electrical systems generators
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Containment Flood and Drain System (CFD)

* One system for six power modules (one on each side of the pool)
connects to the module in its bay

* Fills CNV with borated UHS pool water from a connection above the
minimum allowable power module pool level during shutdown and
under certain beyond design basis accident conditions

 Removes water from the CNV in preparation for power operation
after refueling

« Each system has two 100% capacity ( {{

112@:) centrifugal pumps that can fill the CNV up to the
pressurizer baffle plate in less than {{ 112().()

* Piping, valves, and controls for pump suction from the UHS pool and
discharge to the CNV through the containment evacuation system
{ }}2@).(€) inside the CNV
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Containment Evacuation System (CES)

* One separate and independent system for each power module

« Maintains low vacuum pressure ({{ }}2(@).(€)) in CNV during
operation

* Remove and transfer water vapor and gases form the CNV; monitor
water vapor and gases for radioactivity

* Provide RCS leak rate detection function and allow leak-before-break
(LBB) methodology for FW and MS piping within the CNV

— can detect 0.012 gpm RCS leak into CNV (meets RG 1.45)

— detection response time < 1 hour for a 1 gpm leak (meets RG 1.45)

« Two 100% capacity vacuum pumps connected to a nozzle at the top
of the CNV

» Vapor condenser and sample vessel

» Discharge connected to liquid and gaseous radwaste systems
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Some Auxiliary Systems

« Spent fuel pool cooling and cleanup system

 Light-load handling system (related to refueling)

* Overhead heavy load handling system

» Reactor component cooling water system

* Demineralized water system

« Potable and sanitary water systems

« Ultimate heat sink

« Condensate storage facilities

» Site cooling water system

* Chilled water system

« Compressed air system

* Process sampling system

» Equipment and floor drainage system

» Chemical and volume control system

« Containment evacuation and flooding systems (unique to NuScale)
« Reactor building and spent fuel pool area ventilation system
» Radwaste building ventilation

* Turbine building ventilation system
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NuScale Power Train

main steam isolation
valves

main feedwater isolation
valves

—R T

hcEaEE

decay heat removal

actuation valves

containment vessel

___ From Other
Units

Turbine Generator Building

Turbine

Cooling
Towers

gy |

LU

To Other

R |

st ! Units

eam |

Turbine ! Condensate
) Polishing

Generator |
i

control rod drives 1 || < reactor pool E :
i P e b
reactor vent valves gl safety relief valves b
1| reactor pressure vessel o
I pressurizer : E
steam header - —~ ~ upper plenum ’ 1P Foedweter
decay heatremoval | ._..W " u
passive condenser | ‘ = Feedwater
| ‘ ‘ + steam generators | Heater
il ==
feedwater header —— il ﬁ Feedwater -
I W ! hot leg riser : FAFBES Heater
control rods ¥ ‘ l 1
reactor recirculation —f———— LY e downcomer Each NuScale power module feeds one
valves ! o . . . . .
. reactor core tl_erlne gene_rator (TG) train eliminating
w} R single-shaft risk
S 100% turbine bypass capability
NOTTOS?ALE ¥ .
: Small, simple components support short,
simple refueling outages
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Decay Heat Removal System

FWIVs

 Main steam and main MSIV\‘
feedwater isolated ] Y

L' L' [T DHR actuation valves

« Decay heat removal
(DHR) valves opened

—— reactor pool

A

» Decay heat passively
removed via the steam
generators and DHR
heat condensers to the
reactor pool

DHR passive
condenser

* DHR system is
composed of two
independent single
failure proof trains (1 of 2
trains needed)

NOT TO SCAILF
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DHRS Operation

MSIVs close FWIVs close

DHRS actuation
valves open
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DHRS Operation

Steam flows from i g where it is cooled and
steam generators to e § L condensed

DHRS heat -

exchangers...
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DHRS Operation

Water gravity drains
back into steam
generator tubes
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DHRS Operation

Steam flows out of ; Closed loop, natural
steam generators... circulation flow is
and back to DHRS = established in both
heat exchangers | I8 & al | DHRS trains

Heat is removed
by the UHS
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DHRS Operation

Heat is transferred

« Core to coolant

» Coolant to DHRS
through the steam
generator tubes
DHRS to UHS
No electrical power
needed
No operator actions
needed
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Emergency Core Cooling System

* Main steam and main 11T
feedwater isolated
CEEY R
- Reactor vent valves and t ng
reactor recirculation | L[, ...
Va|VeS Open on Safety reactor vent valve l%%-iﬂ reactor vent valve
signal <l
» Decay heat removed M [EE, J# |
— condensing steam on inside ﬁ.yi :
surface of containment
VeSSG| reactor recirculation valve » {x)\' LI_ Yy :;T:;or recirculation
— convection and conduction @
through liquid and both TRRRE
vessel walls
i M NUSCALE
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NuScale’s ECCS Operation

ECCS valves open

Coolant is veed into
containment
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NuScale’s ECCS Operation

Containment vessel is
surrounded by UHS

Steam condenses and
liquid collects in
containment vessel

: il | This continues until
As RPV level lowers in the e containment vessel level

downcomer region, | | rises above RRVs
containment vessel level

rises
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NuScale’s ECCS Operation

Coolant flows from | I Coolant again exits
the containment 1P~ ‘ through RVVs

vessel into the RPV

Heat is transferred

» Core to coolant

Repeats the cycle
containment vessel

« Containment vessel
to UHS

« No electrical power
needed

* No operator actions
needed

INT\NV O

Flows to bottom of
RPV and back to the
core

Heated by the core

Flows up to top of
RPV
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Accident Operation

Steam escapes Condenses on Re-enters RPV Returns to core
RPV CNV wall from RRV
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ECCS Valve Design '

{

}}2(3),(0)
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ECCS Actuation ahd Operation

« ECCS actuates on any of the following:

}}Z(a),(C)
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Chemical Volume and Control System

« Maintain RCS pressure (pressurizer spray)

* Maintain RCS inventory (pressurizer level)

« Control soluble boron concentration in RCS

« Remove radionuclides from the primary coolant

« Chemistry control (LiOH, hydrazine, zinc injection) of RCS

« Heatup RCS during startup (reactor startup heater)

« Develop natural circulation flow during startup

* Pressurize the pressurizer with a nitrogen gas bubble during startup
« Vent non-condensable gases from the pressurizer

» Extract RCS samples for chemical and radionuclide analysis during normal
and post-accident conditions

Functions in bold are unique to the NuScale CVCS and perfofmed by other
systems in large PWRs
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CVCS Components

» Module dedicated

— charging and recirculation pumps ({{ 1}2(a).(c))

— regenerative and non-regenerative heat exchangers
— chemical mixing tank
— letdown, charging, and pressurizer spray lines
— ion exchangers {{ 112(@).()
— RCS filters with {{ | 112(@).)
— expansion tahk
« Common to multiple modules
— 2- 50% capacity module heatup heat exchangers for each 6 modules
— boric acid batch tank, transfer pump, storage tank, and supply pumps

— nitrogen supply system
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Power Module
'Piping and Valves
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Power Module (RXM) Piping Systems

 The RXM includes ASME
Class 1, 2, and 3 piping

Piping connected to

- 5 ; . . RXM is ASME
* Piping inside containment is Aty

ASME Class 1 and 2 and is
uninsulated

« RXM is fabricated in the
factory along with all piping CNV
up to breakaway flange

Break-away
flanges

RPV
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- Piping System Design

{

}}Z(a),(c), ECI

CVCS=chemical volume and control system; MS=main steam; FW=feedwater; DHRS=decay heat removal system;
RCCW-=reactor component cooling water; CFDS=containment flood and drain system; CES=containment evacuation system

{

}}2(8),(0),EC|
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Module Piping\ ASME Class Boundaries

{

}}2(a).(c) ECI
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Power Module Piping Layout

{

}}2(8),(0)
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Power Module Piping Layout

i

}}2(3),(0)
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Power Module Piping Layout

-

}}2(8),(0)
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CVCS Layout

i

~

}}2(3) (€)
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CVCS Layout

i

}}2(3),(0)
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Decay Heat Removal Layout
{{

}}2(8),(0)

0616-49: P
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Feedwater Layout
it

}}Z(a),(C)
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Main Steam Layout

{{

}}2(8),(0)
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LBB - Leak Detection Capability

* Containment vessel sealed
and maintained at a vacuum
low enough to avoid
condensation

{

» The objective of the leak
monitoring system is to detect:

. — leaks as small as 0.05 GPM
(RG 1.45; SRP 5.2.5)

— |leaks of 1 GPM within 1 hour
(RG 1.45; SRP 5.2.5)

— leaks within LBB criteria
(SRP 3.6.3)

« All leakage into CNV is
commingled and unquantified - 112(a).(0)
until characterized (e.g.,
samples)
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LBB - Leak Monitoring System

 Two sensitive means to detect leaks

During startup, the system measures actual baseline leak rate and monitors for
an increase

{

}}2(8),(0)
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Principal Power Module Valves

{

}}2(3),(0),EC|
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- Electric Power System
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NuScale Electrical Systems

« Normal power source: main generators

— up to 12 generators with island mode capability
— transmission grid is a load (does not supply power to the site)
« Backup power sources
— Two DC systems (highly reliable and normal)
— Two Backup Diesel Generators (BDGs)
— Auxiliary AC Power Supply (AAPS) (e.g., combustion turbine generator)
— Extended Loss of AC Power (ELAP) connections
« With loss of power
— electrical power not necessary to perform any safety function

 for safety functions, NuScale system response is the same whether
actuated by actuation signal from MPS, manual actuation, or loss of power

— important loads can be powered by DC, BDGs, and AAPS

— Highly reliable DC powers post-accident monitoring instrumentation along with
other loads ‘

— Other loads can be powered by AAPS
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Highly Reliable Electrical System Design

* NuScale highly reliable DC power system (EDSS)
{

112(a),(c)EC
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Highly Reliable Electrical System Design

* NuScale highly reliable DC power system (EDSS)
{

}}Z(a),(c),ECI
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